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FOREWORD 

This  volume has  been prepared f o r  t he  Funct ional  I n t e g r a t i o n  Sec t ion ,  
Systems I n t e g r a t i o n  and Operations Branch, Vehicle Systems Div i s ion ,  Propul- 
s i o n  and Vehicle Engineering Laboratory,  by Engineering Communications 
Department,  Chrys le r  Corporation Space Div i s ion ,  under c o n t r a c t  number 
NAS8-4016. 

The fol lowing ser ies ,  of which t h i s  volume i s  a p a r t ,  f u n c t i o n a l l y  de-  
s c r i b e s  t h e  mechanical and electromechanical  systems of Saturn I,  SA-9 space 
v e h i c l e  and Launch Complex 37: 

Volume I. 
Volume 11. 
Volume 111. 
Volume I V .  
Volume V.  
Volume V I .  
Volume V I I .  
Volume V I I I .  
Volume I X .  
Volume X. 
Volume X I .  

RP-1 Fuel System 
LOX System 
LH2 System 
Nitrogen and Helium Storage F a c i l i t y  
Pneumatic D i s t r i b u t i o n  System 
Environmental Control  System 
Launch Pad Accessories  
H-1  Engine and Hydraulic System 
RLlOA-3 Engine and Hydraul ic  System 
Separat ion and F l i g h t  Termination Systems 
Supplement: Legend and Composite Schematic 

Each volume (except  Volume X I )  conta ins  mechanical schematics and a l i s t  of  
a p p l i c a b l e  f ind ing  numbers. 

Volume V I 1 1  d e s c r i b e s  those components t h a t  are a c t i v e  du r ing  countdown, 
launch,  and f l i g h t :  i t  s p e c i f i c a l l y  excludes maintenance and checkout pro-  
cedures .  It i s  intended f o r  use by NASA and prime c o n t r a c t o r  management and 
a d m i n i s t r a t i v e  personnel .  Only information a v a i l a b l e  by December 5 ,  1963, 
has  been included.  
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1. ENGINE SYSTEM DESCRIPTION 

Eight  H - l  engines ,  us ing  LOX and RP-1 as t h e  p r o p e l l a n t ,  power t h e  S - I  
s t a g e  of SA-9. The H - 1  is a s i n g l e  s t a r t ,  f i xed  t h r u s t  engine t h a t  develops 
a nominal s ea - l eve l  t h r u s t  of 188,000 pounds. Four f u e l  and f i v e  LOX con- 
t a i n e r s  supply t h e  p rope l l an t  t o  the engines  through s u c t i o n  l i n e s .  

The e ight -engine  c l u s t e r  c o n s i s t s  of four  r i g i d l y  mounted inboard engines  
and four  gimbaling outboard engines ,  Each inboard engine a t t a c h e s  t o  t h e  
t h r u s t  s t r u c t u r e  on a l a r g e  f i n  pos i t i on  c e n t e r l i n e  32 inches from t h e  veh ic l e  
l o n g i t u d i n a l  a x i s ,  canted 3 degrees outward from t h e  v e h i c l e  l o n g i t u d i n a l  a x i s .  
Each outboard engine,  mounted on a 95-inch r a d i u s  from t h e  v e h i c l e  l ong i tud i -  
n a l  a x i s  45 degrees  from a l a r g e  f i n  p o s i t i o n  c e n t e r l i n e ,  can t s  a t  a 6-degree 
outward a n g l e  from t h e  v e h i c l e  l ong i tud ina l  a x i s .  Each outboard engine gim- 
b a l s  2 8  degrees  i n  a square  p a t t e r n ,  main ta in ing  the  predetermined vehicle t ra -  
j e c t o r y .  

The H - 1  engines  s t a r t  i n  p a i r s  100 mi l l i seconds  a p a r t ;  t h e  inboard en- 
g ines  . s ta r t  f i r s t .  Af t e r  approximately 150 seconds o f  f l i g h t ,  t h e  four  in -  
board engines  shu t  down simultaneously.  Approximately s i x  seconds l a t e r ,  t h e  
four  outboard engines shu t  down simultaneously . 

The engine c o n s i s t s  o f  a turbopump assembly, a l i q u i d  p rope l l an t  gas gen- 
e r a t o r ,  a s o l i d  p rope l l an t  gas genera tor ,  a gas tu rb ine ,  a t h r u s t  chamber, a 
h e a t  exchanger,  va lves ,  purge l i n e s ,  ven t s ,  and d r a i n s .  In  a d d i t i o n ,  a hy- 
d r a u l i c  system gimbals each outboard engine.  F igure  1 is a b lock  diagram of 
t h e  system. The schematic on page 25 r e p r e s e n t s  t h e  engine and hydrau l i c  
systems. 

2. ENGINE SYSTEM OPERATION 

2.1. Engine Purges 

GN2 purges,  i n i t i a t e d  dur ing  launch p repa ra t ions ,  prevent  contaminants 
from e n t e r i n g  t h e  engine.  

2.1.1. LOX Pump Seal Purge and Gearbox P res su r i za t ion .  Both ope ra t ions ,  
u s i n g  GN2 suppl ied  from a common source,  commence w i t h  c o n t r o l  system pres-  
s u r i z a t i o n  p r i o r  t o  p r o p e l l a n t  loading and cont inue  throughout powered f l i g h t .  
If launch i s  abor t ed ,  t h e  purge i s  te rmina ted  when a l l  LOX has b o i l e d  o f f  t h e  
turbopump. LOX pump seal purge and gearbox p r e s s u r i z a t i o n :  

a .  I n h i b i t  LOX and l u b r i c a n t  leakage p a s t  t h e  turbopump LOX and 
l u b r i c a n t  seals by applying a p o s i t i v e  p re s su re  i n  t h e  area 
between these  seals.  
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b.  Force any LOX o r  l u b r i c a n t  t h a t  l eaks  p a s t  e i t h e r  s e a l  i n t o  t h e  
LOX s e a l  d r a i n  l i n e  or  i n t o  t h e  lube s e a l  d r a i n  l i n e .  

c .  Improve t h e  l u b r i c a n t  q u a l i t y  a t  high a l t i t u d e s  by i n h i b i t i n g  
t u r  bop ump - g e a r b  ox 1 u b r i c an t  foaming . 

G N 2 ,  suppl ied a t  750 p s i g  from Control  P r e s s u r e  Manifold B 2 1 1  through 
Manual Valve B214, flows through a r i n g  manifold and i n t o  a branch l i n e  lead-  
i n g  t o  each engine.  Each branch l i n e  con ta ins  O r i f i c e  B305. Downstream from 
t h e  o r i f i c e ,  a tee d i v i d e s  t h e  l i n e  i n t o  purge and p r e s s u r i z a t i o n  l i n e s  t h a t  
l ead  t o  t h e  gearbox of  Turbopump Assembly BS. GN2 flows i n t o  t h e  LOX and lu-  
b r i c a t i o n  seal  a r e a  through t h e  purge l i n e ,  which con ta ins  O r i f i c e  B7. Pres-  
s u r i z a t i o n  GN2 flows i n t o  t h e  gearbox through the  l i n e  t h a t  con ta ins  O r i f i c e  
B3 and Check Valve B 5 .  To maintain the d e s i r e d  gearbox p r e s s u r e ,  %lie f  
Valve B 1 3  i n  the l u b r i c a t i o n  d r a i n  manifold c racks  a t  10 p s i g .  

2.1.2. LOX Dome Purge and Flush.  The LOX dome purge has  two phases ,  
t r i c k l e  purge and high-f low-rate  purge.  
p o s i t i v e  GN2 p re s su re  i n  t h e  LOX dome t h a t  prevents  contaminants from being 
drawn up through t h e  engine t h r u s t  chamber nozz le .  The t r i c k l e  purge ,  i n i -  
t i a t e d  when the  t h r u s t  chamber covers  are removed, cont inues  u n t i l  j u s t  p r i o r  
t o  engine i g n i t i o n ,  when the  second phase s tar ts .  The high-f low-rate  purge 
cont inues  during engine ope ra t ion  u n t i l  it is overcome by main LOX supply l i n e  
p r e s s u r e ,  I n  case of an abor t  o r  o t h e r  cond i t ions  r e s u l t i n g  i n  engine  con- 
tamina t ion ,  the  LOX dome f l u s h  through t h e  LOX dome purge l i n e s  begins  when 
p r e s s u r e  decays i n  t h e  LOX dome. 
as s o l v e n t )  i s  followed by t h e  t r i c k l e  purge.  

The t r i c k l e  purge provides  a s l i g h t  

F lush ing  (with t r i c h l o r o e t h y l e n e  o r  oxylene 

Ground-supplied GN2 flows through Coupling-Half B304 i n t o  a r i n g  manifold 
wi th  s e p a r a t e  branch l i n e s  t h a t  lead t o  each engine.  The branch l i n e s  c a r r y  
GN2 through Check Valve B45, i n t o  the  LOX pump d i scha rge  l i n e ,  and i n t o  t h e  
LOX dome. Because t h e  purge p res su re  is  lower than  the  c racking  p res su re  of  
Check Valve B24,  no GN2 flows t o  Heat Exchanger B30. 

2.1.3. Gas Generator  LOX I n j e c t o r  Manifold Purge. This  purge removes 
f u e l  vapor from t h e  LOX i n j e c t o r  manifold of t h e  l i q u i d  p r o p e l l a n t  gas gener- 
a t o r  and prevents  s o l i d  p r o p e l l a n t  gas gene ra to r  combustion products  from con- 
tamina t ing  t h e  manifold p r i o r  t o  LOX a r r i v a l .  The purge s tar ts  j u s t  before  
engine  i g n i t i o n  and te rmina tes  when LOX p r e s s u r e  bui ldup c l o s e s  Check Valve 
B12.  I f  a launch is abor t ed ,  t h i s  purge s t a r t s  immediately a f t e r  engine c u t -  
o f f  and cont inues u n t i l  spen t  Sol id  P r o p e l l a n t  G a s  Generator  B 2 0  is removed. 

Ground source GN2 a t  300 p s i g ,  suppl ied  through Coupling-Half B301, flows 
through a r i n g  manifold i n t o  e i g h t  branch l i n e s ,  through Check Valve B12 i n  
each l i n e ,  i n t o  t h e  LOX i n j e c t o r  manifold,  and o u t  t h e  t u r b i n e  exhaust  duc t .  

2.1.4. Thrust Chamber Fuel I n j e c t o r  Manifold Purge.  This  purge ,  i n i -  
t i a t e d  j u s t  before  engine i g n i t i o n ,  p revents  LOX from e n t e r i n g  t h e  f u e l  i n -  
j e c t o r  manifold du r ing  engine i g n i t i o n .  
decontamination procedures .  

The purge i s  a l s o  p a r t  o f  t he  engine 
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GN2 from a ground source flows through Coupling-Half B303, i n t o  a r i n g  
manifold,  and t o  branch l i n e s  t h a t  lead t o  t h e  f u e l  i n j e c t o r  manifold on each 
engine.  Two t e e s  and an L - f i t t i n g  divide t h e  l i n e  i n t o  t h r e e  r a d i a l  l i n e s ,  
each con ta in ing  Check Valve B37. 
i n t o  t h e  i n j e c t o r  manifold,  and out  t h e  t h r u s t  chamber. During prelaunch op- 
e r a t i o n s ,  t h e  ground supply shutoff  va lve  t e rmina te s  t h e  purge. During t h e  
engine s t a r t i n g  sequence, a f t e r  t h e  f i r i n g  command, p r e s s u r e  b u i l d s  u p  i n  t h e  
f u e l  i n j e c t o r  manifold and c l o s e s  the check va lves  t o  end t h e  purge. 

The G N 2  passes  through t h e  check v a l v e s ,  

2 . 2 .  Launch P repa ra t ions  

During launch p r e p a r a t i o n s ,  s eve ra l  s t e p s  must be taken t o  prepare t h e  
H - 1  engines f o r  f l i g h t .  A f t e r  t h e  v e h i c l e  has  been e r e c t e d  on t h e  launch 
p e d e s t a l ,  a l l  explosive devices  a r e  i n s t a l l e d  on t h e  engine.  These devices  
inc lude  S o l i d  P r o p e l l a n t  Gas Generator B20, I n i t i a t o r  B 1 1 ,  Conax Valve B 2 ,  
and Hypergol Container  B36. 

Coupling-Half B 1 7  provides a means of f i l l i n g  Fuel  Addit ive Blender Unit 
(FABU) B15 wi th  Oroni te  262, which, when blended wi th  f u e l  i n  t h e  FABU during 
engine ope ra t ion ,  l u b r i c a t e s  t h e  gearbox of Turbopump Assembly B 8 .  Coupling- 
Half B31 permits t h e  f u e l  j acke t  of Thrus t  Chamber B 2 8  t o  be f i l l e d  wi th  RP-1 .  

2.3. S t a r t  

Engine s t a r t  begins  wi th  t h e  i g n i t i o n  command and cont inues u n t i l  s teady-  
s t a t e  engine o p e r a t i o n  has been accomplished. The s t a r t  sequence begins wi th  
i g n i t i o n  of t h e  s o l i d  p rope l l an t  gas gene ra to r  t h a t  d r i v e s  t h e  turbopump assem- 
b l y ,  supplying p r o p e l l a n t  t o  t h e  engine t h r u s t  chamber where hypergol i n i t i a t e s  
i g n i t i o n .  P r o p e l l a n t ,  b l ed  o f f  t h e  main engine supply and burned i n  t h e  l i q u i d  
p r o p e l l a n t  gas g e n e r a t o r ,  provides  gas t h a t  supplements and f i n a l l y  r e p l a c e s  
t h e  a c t i o n  of t h e  s o l i d  p r o p e l l a n t  gas gene ra to r .  

To avoid undue s t r u c t u r a l  loading, t h e  H - 1  engines s t a r t  i n  p a i r s  a t  
100-mil l isecond i n t e r v a l s ,  on s i g n a l s  from t h e  i g n i t i o n  sequencer: f i r s t ,  
engines  5 and 7 s t a r t ,  t hen  engines 6 and 8 ,  t hen  2 and 4 ,  and f i n a l l y  1 and 
3. Thrus t  OK P res su re  Switch B41 sends a s i g n a l  t o  GSE f o r  l i f t o f f  when t h e  
f u e l  supply l i n e  p re s su re  reaches 810 p s i a .  

An e l e c t r i c a l  s i g n a l  from t h e  s t a r t  sequencer i n  t h e  LCC f i r e s  I n i t i a t o r s  
B 1 1 .  The i n i t i a t o r s  i g n i t e  t h e  p rope l l an t  i n  S o l i d  P r o p e l l a n t  Gas Generator 
B20, providing h igh  p r e s s u r e  gas for  approximately 200 mi l l i s econds  ( u n t i l  t h e  
engine reaches s t e a d y - s t a t e  ope ra t ion ) .  These gases  a r e  fo rced  through p a r t  
of Liquid P rope l l an t  Gas Generator B22 t o  Gas Turbine B19, which a c c e l e r a t e s  
t h e  LOX and f u e l  punps through a gear t r a i n  i n  Turbopump Assembly B8. 

The turbopump draws f u e l  from t h e  s u c t i o n  l i n e  and f o r c e s  i t  through 
O r i f i c e  B 4  and t h e  f u e l  d i scha rge  l i n e  t o  t h e  i n l e t  s i d e  of normally-closed 
Main Fuel  Valve B39. Fuel  i n  t h e  f u e l  d i scha rge  l i n e  e n t e r s  a f eede r  l i n e  
t h a t  ( f o r  va lve  c o n t r o l ,  gearbox l u b r i c a t i o n ,  engine i g n i t i o n ,  and pump cav i -  
t a t i o n  prevent ion)  branches i n t o  the following: 
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a .  A bleed l i n e  conta in ing  O r i f i c e  B48 and l ead ing  back t o  the  
f u e l  s u c t i o n  l i n e .  

b. Closed Fuel I g n i t e r  Valve B46. 

c. Closed Main LOX Valve B49 through O r i f i c e  B 1 .  

d. Conax Valve B2.  

LOX from the pump v o l u t e  passes  i n t o  the  LOX d i scha rge  l i n e  and t o  the  
i n l e t  s i d e  of  normally-closed Main LOX Valve B49. A bleed l i n e  between t h e  
LOX d i scha rge  l i n e  and t h e  s u c t i o n  l i n e  al lows some LOX r e c i r c u l a t i o n ,  p re -  
ven t ing  pump c a v i t a t i o n .  1 

Turbopump Assembly B8 a c c e l e r a t i o n  inc reases  t h e  p re s su re  i n  the  f u e l  
f e e d e r  l i n e .  This p re s su re  i s  appl ied  t o  Main LOX Valve B49 c o n t r o l  through 
O r i f i c e  B1.  
l i n e  f u e l  p re s su re  reaches approximately 230 ps ig .  The va lve  begins  t o  open, 
a l lowing LOX to  flow through the  LOX d i scha rge  l i n e ,  LOX dome, and LOX i n -  
j e c t o r  nozz les  i n t o  Thrus t  Chamber B28. I n  a d d i t i o n ,  LOX flows through the  
LOX b o o t s t r a p  l i n e  con ta in ing  O r i f i c e  B 2 1  t o  the  closed Control  Valve A s s e m -  
b l y  B23. 

Spring f o r c e  i n  t h e  main LOX valve  i s  overcome when the  f eede r  

When t h e  main LOX va lve  has  opened approximately 80 p e r c e n t ,  a mechanical 
l inkage  opens Fuel  I g n i t e r  Valve B46, a l lowing f u e l  t o  flow t o  Hypergol Con- 
t a i n e r  B36 and t o  t h e  i n l e t  p o r t  of  normally-closed I g n i t i o n  Monitor Valve 
B38. 
reaches 300 ps ig ,  a l lowing hypergol ,  followed by f u e l ,  t o  flow through t h e  
f u e l  i n j e c t i o n  nozz les  i n t o  Thrust  Chamber B28. 
on con tac t  with the  p rev ious ly  i n j e c t e d  LOX, caus ing  primary i g n i t i o n .  

Burs t  diaphragms i n  t h e  hypergol c o n t a i n e r  rup tu re  when f u e l  p re s su re  

The hypergol and f u e l  i g n i t e  

Primary i g n i t i o n  causes  p re s su re  bui ldup w i t h i n  the  t h r u s t  chamber, t h e  
f u e l  i n j e c t o r  manifold,  and the  c o n t r o l  l i n e  from t h e  manifold t o  I g n i t i o n  
Monitor Valve B38 and Control  Valve B23. When t h e  f u e l  i n j e c t o r  manifold p r e s -  
s u r e  reaches approximately 15 p s i g ,  the  i g n i t i o n  monitor va lve  opens,  a l lowing 
f u e l  from Fuel I g n i t e r  Valve B46 t o  exert opening p res su re  on Main Fuel Valve 
B39. When fue l  p re s su re  overcomes s p r i n g  f o r c e ,  t h e  main f u e l  va lve  opens and 
f u e l  flows in to  the  f u e l  manifold.  From t h e  manifold,  f u e l  flows through t h e  
t h r u s t  chamber f u e l  j a c k e t ,  t he  f u e l  i n j e c t o r  manifold,  and i n t o  the  t h r u s t  
chamber. Since LOX i s  a l r e a d y  p resen t  and i g n i t i o n  has  occurred ,  t h i s  f u e l  
w i l l  burn,  increas ing  engine t h r u s t .  

A s  f u e l  flows through t h e  f u e l  manifold,  some f u e l  flows through O r i f i c e  
B32 t o  Gas Generator Control  Valve Assembly B23.  A s  t h r u s t  bui ldup con t inues ,  
combustLon chamber p re s su re  i s  exer ted  on the c o n t r o l  of  t he  gas genera tor  
c o n t r o l  valve.  When t h i s  p re s su re  reaches approximately 115 p s i g ,  t h e  c o n t r o l  
va lve  opens,  allowing LOX and f u e l  t o  flow i n t o  Liquid P r o p e l l a n t  Gas Generator  
B 2 2 ;  they  a r e  t h e r e  i g n i t e d  by the  ho t  gases  of So l id  P r o p e l l a n t  Gas Generator 
B20. 
t h e  l i q u i d  p rope l l an t  gas gene ra to r .  

Two redundant Auto- Igni te rs  ~ 4 2  provide  a secondary i g n i t i o n  source  i n  
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Gas Turbine B19 ope ra t e s  on combined h igh-pressure  gases  of So l id  Pro- 
p e l l a n t  Gas Generator B20 and Liquid P r o p e l l a n t  Gas Generator  B22 f o r  approxi-  
mately 200 mi l l i seconds  ( u n t i l  t he  s o l i d  p r o p e l l a n t  has  burned completely) .  
The l i q u i d  p r o p e l l a n t  gas genera tor  d r i v e s  the  tu rb ine  f o r  t he  remainder of 
engine ope ra t ion .  

2.4. S teady-Sta te  Operation 

This  phase begins  when a l l  engine va lves  a r e  open and the  p r o p e l l a n t  i s  
burning a t  t h e  d e s i r e d  r a t e .  Thrust  OK P res su re  Switch B 4 1  monitors engine 
t h r u s t  by sens ing  p res su re  i n  the  fue l  l i n e  downstream from Main Fuel  Valve 
B39, i n i t i a t i n g  a s i g n a l  t o  GSE before  l i f t o f f  and a s i g n a l  t o  c u t  o f f  t he  
engine  when t h r u s t  decays below a s e t  va lue .  

Fue l  f lows from Turbopump Assembly B8 ,  through Main Fuel  Valve B39, and 
i n t o  t h e  t h r u s t  chamber f u e l  manifold t h a t  d i s t r i b u t e s  the  f u e l  t o  t h e  f u e l  
j a c k e t  down-tubes extending t h e  e n t i r e  length  of t he  engine.  The f u e l  flows 
through these  tubes  t o  a c o l l e c t o r  r i n g ,  through t h e  f u e l  j a c k e t  up-tubes,  t h e  
f u e l  i n j e c t o r ,  and i n t o  t h e  combustion chamber. This  rou t ing  cools  t he  t h r u s t  
chamber wal ls  and inc reases  engine e f f i c i e n c y  by hea t ing  f u e l .  

During s t e a d y - s t a t e  ope ra t ion ,  LOX is  suppl ied  from a branch l i n e  down- 
stream from Main LOX Valve B49, through t h r e e  O r i f i c e s  B29, t o  Heat Exchanger 
B30. This  LOX i s  evaporated and used f o r  LOX con ta ine r  p r e s s u r i z a t i o n  (de- 
s c r ibed  i n  Volume 11). 

Fuel  f o r  turbopump assembly gearbox l u b r i c a t i o n  flows from t h e  f u e l  
f e e d e r  l i n e  through Conax Valve B2 t o  FABU B15, where it  mixes w i t h  Oroni te .  
The f u e l - o r o n i t e  mixture  f laws through a l u b r i c a t i o n  l i n e  con ta in ing  F i l t e r  
B 1 4  i n t o  t h e  gearbox loca ted  i n  Turbopump Assembly B8, where it coo l s  and l u -  
b r i c a t e s  the var ious  components. The f u e l - o r o n i t e  mixture  c i r c u l a t e s  through 
t h e  gearbox and d i scha rges  overboard through t h e  l u b r i c a t i o n  d r a i n  l i n e  t h a t  
c o n t a i n s  Rel ie f  Valve B13. The r e l i e f  va lve  maintains  continuous gearbox 
p r e s s u r i z a t i o n ,  prevent ing  excessive d i scha rge  r a t e s  a t  h igh  a l t i t u d e s .  

2.5. Shutdown 

Normal engine cu to f f  i s  i n i t i a t e d  by a s i g n a l  (descr ibed i n  Volume X)  
from t h e  guidance computer i n  the  instrument u n i t .  This  s i g n a l  de tona te s  two 
exp los ive  charges w i t h i n  Conax Valve B2. The exp los ive  f o r c e  moves a p i s t o n  
t h a t  s h e a r s  a metal diaphragm i n  the va lve  body, a l lowing p res su r i zed  f u e l  t o  
f low t o  t h e  c l o s i n g  c o n t r o l  of Main LOX Valve B49. This  p r e s s u r e  coun te rac t s  
t h e  e x i s t i n g  f u e l  p re s su re  on t h e  opening c o n t r o l  of t h e  v a l v e ,  a l lowing t h e  
i n t e r n a l  va lve  s p r i n g  t o  c l o s e  the  valve and thus s top  LOX flow t o  the  t h r u s t  
chamber and l i q u i d  p r o p e l l a n t  gas genera tor .  

When the  main LOX va lve  has  closed approximately 20 p e r c e n t ,  a mechanical 
l i nkage  c l o s e s  Fuel  I g n i t e r  Valve B46. 
Fuel  Valve B39 open is  then removed, a l lowing  t h e  main f u e l  va lve  t o  c l o s e .  
The flow of f u e l  t o  t h e  t h r u s t  chamber and t h e  gas gene ra to r  te rmina tes ;  how- 
e v e r ,  because f u e l  shu to f f  l a g s  LOX s h u t o f f ,  a f u e l - r i c h  cu to f f  occurs .  Th i s  

The p res su re  t h a t  was hold ing  Main 
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type  o f  cu to f f  prevents  an exp los ive  shutdown i n  both t h e  t h r u s t  chamber and 
t h e  l i q u i d  p r o p e l l a n t  gas gene ra to r .  

2.6. Drain 

Dra in  and vent  l i n e s  on each engine c a r r y  away leakage of combustible 
l i q u i d s  o r  gases from ind iv idua l  components. 

Three d r a i n  l i nes - - a  lube ,  a LOX s e a l ,  and a lube s e a l  l i ne - - l ead  from 
t h e  gearbox of Turbopump Assembly B8. I n  a d d i t i o n ,  two l i n e s  d r a i n  LOX from 
Main LOX Valve B49;  t h r e e  l i n e s  d r a i n  f u e l  from Main Fuel Valve B39; and 
s i n g l e  l i n e s  d r a i n  Fuel  I g n i t e r  Valve B 4 6 ,  I g n i t i o n  Monitor Valve B38,  and 
Gas Generator  Control Valve B23.  

The e n t i r e  engine may be dra ined  of  f u e l  and LOX, when necessary ,  through 
Fuel  Dra in  Coupling B 1 8 ,  LOX Volute Drain Cap Assembly B 9 ,  Fuel Volute Drain 
Cap Assembly B10, Fuel J acke t  Dra in  Screws B 2 6 ,  and Fuel  Dra in  P lug  B43. 

A hydrau l i c  gimbal c o n t r o l  system, p a r t  of each outboard engine ,  p rovides  
v e h i c l e  guidance. Each independent ,  c losed-loop system c o n s i s t s  b a s i c a l l y  of 
two h y d r a u l i c  a c t u a t o r s ,  a main pump, an a u x i l i a r y  pump and motor, and an 
accumula tor - reservoi r  assembly. 

4. HYDRAULIC SYSTEM OPERATION 

4.1. F i l l  

Accumulator-Reservoir and Manifold Assembly B86 i s  charged wi th  GN2 from 
a ground source through High P res su re  Charging Valve B 8 8  before  f i l l i n g  t h e  
system wi th  hydraul ic  f l u i d .  Hydraul ic  f l u i d ,  suppl ied  from a ground source 
through Coupling-Half B84,  i s  forced through F i l t e r  B 8 5 ,  i n t o  t h e  accumulator- 
r e s e r v o i r ,  and through the  system. Excess hydrau l i c  f l u i d  used i n  t h e  purging 
o p e r a t i o n  r e tu rns  t o  t h e  ground source through Coupling-Half B90.  

4.2. Prelaunch 

Auxi l ia ry  Pump B80,  d r iven  by e l ec t r i c  Motor B 8 1 ,  s u p p l i e s  t h e  necessary  
h y d r a u l i c  p re s su re  f o r  engine gimbaling du r ing  pre launch  ope ra t ions .  Check 
Valve B79 p r o t e c t s  Main Pump B75 from high  p r e s s u r e  f l u i d  du r ing  a u x i l i a r y  
pump ope ra t ion ;  Check Valve B82 p r o t e c t s  t h e  a u x i l i a r y  pump from high  p res -  
s u r e  f l u i d  during main pump ope ra t ion .  
s t a t e  ope ra t ion ,  a u x i l i a r y  pump ope ra t ion  t e rmina te s .  

A f t e r  a l l  engines  have reached s teady-  

Accumulator-Reservoir and Manifold Assembly B86 inc ludes  va r ious  moni- 
t o r i n g  dev ices .  D i f f e r e n t i a l  P res su re  I n d i c a t o r  B 7 8  s enses  t h e  p re s su re  drop 
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I 
1 

a c r o s s  F i l t e r  B85. I f  t he  p re s su re  drop exceeds a predetermined amount, a 
red b u t t o n  i n  the  i n d i c a t o r  extends,  p rovid ing  a v i s u a l  i n d i c a t i o n  of a clogged 
f i l t e r .  Thermal Switch B96 p r o t e c t s  e l e c t r i c  Motor B81 from overhea t ing  by 
c u t t i n g  o f f  power t o  t h e  motor i f  i t s  temperature rises above a s a f e  l e v e l .  

The fol lowing devices  ope ra t e  both on the  ground and throughout powered 
f l i g h t :  Thermal Switch B93 t ransmi ts  a s i g n a l  i f  t he  f l u i d  temperature  in -  
c r e a s e s  above a predetermined value;  P res su re  Transducer B92 monitors p re s su re  
i n  t h e  accumulator (high p r e s s u r e  s ide ) ;  and Potent iometer  B87 monitors f l u i d  
l e v e l  i n  t h e  r e s e r v o i r  (low pressure  s i d e ) .  

4.3. F l i g h t  

Main Pump B75, mounted on an accessory d r i v e  pad and d r i v e n  by t h e  engine 
turbopump, draws f l u i d  from t h e  low p res su re  ( r e t u r n )  s i d e  of Accumulator- 
Reservoi r  and Manifold Assembly B86. A s  turbopump speed inc reases  , f l u i d  
p r e s s u r e  inc reases  t o  approximately 3200 p s i ,  causing hydrau l i c  f l u i d  t o  flow 
through Check Valve B79 and F i l t e r  B85 i n t o  the  h igh  p r e s s u r e  s i d e  of  t h e  
accumula tor - reservoi r .  The f l u i d  f l o w s  under p re s su re  from t h e  accumulator- 
r e s e r v o i r  i n t o  Servoac tua tor  Assemblies B94 and B95. When t h e  servovalve  i n  
each a c t u a t o r  r ece ives  a command from the  guidance system, i t  d i v e r t s  h igh  
p r e s s u r e  f l u i d  a g a i n s t  one o r  t h e  o t h e r  s i d e  of  t h e  a c t u a t o r  p i s t o n ,  causing 
ex tens ion  o r  r e t r a c t i o n  of  t h e  a c t u a t o r  arms and thus gimbaling t h e  engines .  
I n  t h i s  way t h e  guidance system con t ro l s  engine t h r u s t  d i r e c t i o n .  Displaced 
f l u i d  from the  a c t u a t o r s  i s  returned t o  t h e  low p res su re  s i d e  of  t h e  accumu- 
l a t o r - r e s e r v o i r .  

Two r e l i e f  va lves  p r o t e c t  the system aga ins t  excess ive  p re s su res :  High- 
P r e s s u r e  Rel ie f  Valve B89 p r o t e c t s  t h e  accumulator and the  h igh  p res su re  s i d e  
of  t h e  system by ven t ing  f l u i d  i n t o  t h e  r e s e r v o i r  and low p res su re  s i d e  of t h e  
sys  tern; Low-Pressure Rel ie f  Valve B91 p r o t e c t s  t he  r e s e r v o i r  and low p res su re  
s i d e  of  t h e  system by ven t ing  f l u i d  t o  atmosphere. 

4.4. Drain  

The system i s  dra ined  through Low-Pressure Coupling-Half B90. Drain 
p lugs  are provided i n  Servoac tua tor  Assemblies B94 and B95. The element of 
F i l t e r  B85 can be removed f o r  c leaning.  Nitrogen p res su re  i n  t h e  accumulator- 
r e s e r v o i r  assembly can be r e l eased  through High-pressure Charging Valve B88. 
Main Pump B75 and Auxi l ia ry  Pump B80 are provided w i t h  Seepage Plug Assemblies 
B76. Case Drain F i l t e r  B97 removes contaminants generated by t h e  a u x i l i a r y  
pump be fo re  t h e  f l u i d  i s  re turned  to  t h e  r e s e r v o i r .  
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